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Abstract
Economic theory concludes that utility from the consumption of goods increases at a decreasing rate.
This condition also applies to the characteristics model of consumer choice. However, most applications for
food use hedonic price equations and nutrient demand equations that do not account for declining marginal
utility. Another problem is that nutrient valuation studies have not considered the level of nutrient adequacy
or status. In addition, nutrient consumption models have not accounted for the nutritional status of the
consumer when trying to identify the variables that influence nutrient consumption.
Data from the 1977-1978Nationwide Food Consumption Survey were used to test for differing
rvaluations of nutrients by subsistence, or nutrient status level. Nutrient status for each household was
defined using the Nutritional Goals of the USDA Thrifty Food Plan.
Results show that consumers below subsistence differ in the valuations of nutrients from those above
subsistence. Households below the defined status level had higher marginal implicit prices for vitamin C and
minerals than did households above the defined subsistence level. This result is consistent with economic
theory. However, the under-subsistence group had lower implicit prices for B vitamins and food energy. In
both instances, vitamin A had negative implicit prices, which is not consistent with theory but does reflect
low vitamin A diets in the United States.
Nutrient consumption analysis showed that in the under-subsistence, or nutritionally at-risk households, having a working female head of household was significantly and negatively related to nutrient
consumption. This result was not found for households that had met their nutritional requirements. Food
stamp bonus did not influence the consumption of nutrients for the most nutritionally at-risk households but
was significantly and positively related to nutrient consumption for marginally at-risk households.
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components in the foods consumed.
The nutrient demand model may be a better
approximation of the real world in explaining
consumer purchases if it incorporates a basic nutritiona I level of subsistence. Consumers purchase
minimum amounts of food in order to obtain at least
a subsistence level of nutrition. Utility may be
derived from nutritional levels in excess of the subsistence level. The concept of a base or subsistence
food level refers to the quantity and variety of foods
that allow a person to carry out the normal bodily
functions, given the daily demands on his/her
energy use. When subsistence is used in a consumer
demand model, the implication also is that consumers are cognizant of the need for a base nutrition
level.
Klein and Ruben (1947) first incorporated the
notion of subsistence into a utility function. In their
derivation of a true cost of living index, they assumed a linear expenditure function in expressing
the cost of living index in terms of prices and properties of the specified demand function. The interpretation of the Klein-Ruben utility function and the
associated linear expenditure (demand) system was
given by Samuelson (1947). The consumer is assumed to buy a necessary or subsistence set of goods.
Any income left over after buying the necessary set
of goods is spent on all commodities in fixed budget
shares. This level of income spent on nonsubsistence
goods is called supernumerary income.
Although the original Klein-Ruben utility
function and its associated linear expenditure
(demand) system are expressed in terms of quantities
of goods, the arguments of the function could be
characteristics rather than quantities of goods. Thus,
it is possible to model demand for nutrients incorporating a subsistence level of nutrient use.

Introduction
In the Food and Agricultural Act of 1977, the
U. S. Congress extended the purview of the
government's intervention in food matters to consideration of adequate nutrition and nutrition-related
food policy. Not only were policy concerns oriented
toward the quantity of food produced and consumed
but also toward the nutritional quality of food.
The quality and quantity of food consumed by a person (diet) determines that person's nutritional status,
which is a major determinant of the well-being of the
individual (National Academy of Sciences, 1986).
Diet quality is measured in terms of the quantities of
nutritional attributes contained in the foods consumed. A consumer's nutritional well-being depends upon his/her consumption in relation to his/
her metabolism. Dietary needs vary by age and
gender and are reflecteti in the Recommended
Dietary Allowances (RDA) for minerals, vitamins,
calories, and protein. The first RDA for nutrients
was published in the United States in the early 1940s
(Harper, 1985).
Economic models of consumer demand start
with a functional representation of consumer satisfaction, or utility, subject to constraints that are
supposed to represent the mental calculus used by
the consumer as he/she identifies needs, searches for
alternatives, and makes appraisals of alternative
goods that may satisfy these needs. Through the
maximization of utility subject to the resource
constraint, the economist can derive the consumer's
demand for a good. The arguments in the traditional
utility function are the quantities of goods consumed,
and the arguments in the demand function are prices
of goods and income. If the economist expands the
analysis beyond the representative consumer, then
the arguments of the demand function are extended
to include sociodemographic variables. These
variables proxy the cultural and ethnic backgrounds
that define the consumer's value system, including
the assessment of the quality, performance, and
perceived need for a good or service.
If characteristics generate utility, then the
arguments in the utility function of the consumer
should be replaced with them. Maximizing this
utility function subject to the budget constraint and
consumption technology, which transforms goods
into characteristics, leads to the demand for attributes. Included in the demand for attributes are
the implicit hedonic prices, or the person's valuations
of the attributes that generate utility. If nutrients
generate utility, the hedonic prices used in the
demand for nutrient equations are estimated by
regressing product price on the various nutrient

Defining subsistence
Researchers have attempted to place values
on the nutrition components without separating out
a base level of subsistence (e.g., Adrian and Daniel,
1977; Morgan, 1979; Eastwood, Gray, and Brooker,
1986; Ladd and Suvannunt, 1976; Lafrance, 1986;
Hager, 1987;Terry, 1985; Morse, 1988). The literature presents six different methods for defining
subsistence:
1. cost minimization based on foods purchased and
consumed by the household without incorporating nutrient adequacy standards,
2. a probability density function based upon
individual dietary intake that develops an
alternative to the RDA as a standard,
3. the USDA-constructed Thrifty Food Plan that incorporates fixed expenditure levels of foods purchased and consumed by the household and
nutrient adequacy standards,
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4. attitude scales that measure importance of
physiological need in Maslow's need hierarchy
and the relationship to food intake,
5. a switching regression methodology used to
measure different need levels of individual
dietary intakes without incorporating nutrient
adequacy standards, and
6. a 21-meal-at-home equivalent person measure adjusted for nutritional adequacy level
with foods purchased and consumed by the
household.
Each way of defining subsistence has advantages and disadvantages. These are explained later
in this study.
Objectives of the study
The specific objective of this study was to
develop a characteristics model of consumer demand
that incorporates the utility derived from nutrients
above subsistence levels. This objective was accomplished by:
1. considering alternative ways of incorporating
subsistence and choosing the most appropriate
method,
2. incorporating subsistence into the characteristics
model and deriving the behavioral implications,
3. estimating the hedonic prices and the nutrient
demand equations with the new characteristics
model, and
4. evaluating the results and stating the policy
implications from the estimates.
The characteristics model used is an adaptation of that developed by Ladd and Suvannunt (1976)
and extended by Terry (1985). After implicit prices
are estimated, these prices can be used as arguments
in the nutrient demand equations along with
sociodemographic variables. However, existing
nutrition and economic studies often estimate
nutrient consumption functions that do not include
implicit prices. Based upon the existing literature,
the following demographic variables may be used in
the nutrient consumption functions: household
income, number of members in the household, race,
education, development stage of the family unit,
employment status, urbanization, and geographic
area.

The Consumer Decision Process
The process of using a commodity to meet a
consumer's needs and desires is a type of problem
solving (Burk, 1968). Process implies a sequence of
connected behaviors toward an end. These behaviors
in the consumer decision process are identification of
a need, search for alternatives to meet that need, and
appraisal of the defined alternatives (Gartner et aI.,

1960). A host of factors influences the consumer
decision process (Burk, 1968). This is particularly true
for food consumption. Studies have shown how
differing consumer characteristics affect the consumer information process of including nutrition
information in food choice (Jacoby et aI., 1977;
Lenahan et aI., 1973; Klopp and MacDonald, 1981).
There is consensus among the various
studies showing that the consumer's desire for
nutrition information is high. This desire has been
represented through willingness to pay measures as
well as simple self-report data on the desirability of
nutrition information. The Lenahan et a1.(1973),
study found that 50.9 percent of the sample would
use the information provided on nutrition labels at
least occasionally. They also found that direct use of
nutrition label information by consumers increases
over time. Jacoby et a1. (1977) indicated that Federal
Trade Commission studies overwhelmingly show
that consumers want and would use nutrition
information.
However, the results of the Federal Trade
Commission study also indicated lower rates of
nutrition information acquisition than were expected
from survey results showing high levels of desire for
information. This conclusion was also substantiated
by Klopp and MacDonald (1981). Both Jacoby et a1.
(1977) and Klopp and MacDonald (1981) found
certain consumer characteristics more often associated with consumers who used nutrition information. Students and younger consumers in general,
those with prior nutrition knowledge, the more
highly educated, those who did advance meal
planning, those who were not loyal to specific
brands, and consumers who had time to read and
process nutrition information while shopping were
more likely to use nutrition information.
In general, research in the nutrition information processing literature provides evidence that
consumers consider nutrition when making food
purchases. These studies have provided a great deal
of agreement on the kind of sociodemographic
variables that influence nutrition information access,
nutrition information processing, and food choice
change. They suggest that economic models of the
consumer decision process should reflect such
decision making.
Consumer values of nutrient characteristics
Terry (1985) and Morgan et a1.(1979) have
shown that estimation of nutrient demand and/ or
hedonic equations explains more of the variations in
the dependent variables when dietary components
are combined in ways more in keeping with the way
consumers perceive nutrients. Morgan (1979) carried
out a restricted analysis (F-tests for significance of
variables included in her model) that showed that
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the inclusion of dietary variables was a part of the
consumer decision-making process. Expectancyvalue models (Cohen et al., 1972), as they have been
applied in consumer research, assume consumers
view different product dimensions with several
attributes attached to each dimension. The place of
nutrients in the decision making of consumers is
likely to be best modeled using this idea.
Morgan (1987) mentioned several other
reasons to justify an aggregated specification of
nutrient demand models. Other investigations
(Federal Trade Commission, 1976) have found that
individuals evaluate foods in terms of key dietary
factors, or they lump nutrients together into aggregates. The level of knowledge necessary to understand the function of each nutrient and evaluate its
impact and necessary level would require high
information access cost. Thus, consumers are
optimizing by lumping nutrients rather than spending the time cost necessary to refine nutrient distinctions and/ or reduce the information overload
potential.

In Houthakker's version (1951-1952), each
commodity is described by two variables: physical
quantity and quality. Price is defined in terms of
quality and quantity, and price is a linear function of
the quantity and quality. So one maximizes utility
where utility is a function of the quantity and quality
variables subject to the expenditure constraint. There
was no attempt to test this model. The essential idea
of both of these models was to find a hypothesized
relationship between price and quality.
Lancaster's work (1971) maximizes utility
subject to the usual budget constraint and constraints that change products into attributes using
technical input-output coefficients. If one can
measure attributes, one can measure the proportions of characteristics obtained from various levels
of product consumption and the amount of an
attribute per dollar expenditure. From this information, an efficiency frontier can be constructed without knowing the exact preferences of the consumer.
This frontier shifts out in a parallel fashion, given
market prices, as income increases. To know what
product or product combination the consumer
will choose (Le., a point on the efficiency frontier),
one must know the consumer's preferences for
characteristics.

Early approaches to defining product characteristics
The earliest empirical work on product
attributes related to food was that of Waugh (1929).
He related the prices of vegetables in the Boston
wholesale market to characteristics of the vegetables.
He found that a tendency existed for market prices of
vegetables to vary with physical characteristics that
the consumer identified with quality. His analysis
did not present a theory of characteristics.
About 25 years later, Theil (1952) and
Houthakker (1952) developed theoretical models that
incorporated attributes. Both Theil and Houthakker
assumed that the price of a product is a reflection of
its quality. Theil's utility function included the
quantities of the various products and a set of vectors
of input-output coefficients, one vector for each
product. This utility function is maximized subject to
a budget constraint. In the budget constraint, the
price of each good is a function of the vec-tor of
input-output coefficients that measures the underlying attributes or qualities of goods.
To test this theory, Theil regressed price
paid on family income and family size. He also
regressed quantities purchased on the same two
variables using a sample of clerical and manual
workers in Amsterdam. Calculations of quantity
and quality elasticities showed that clerical workers
have lower income elasticities of quality and quantity
than manual workers. The clerical workers had
much higher incomes than the manual workers, and
the estimates of the elasticities implied that the
families of clerical workers are more satiated than the
families of manual workers with respect to both
quality and quantity dimensions.

Ladd and Suvannunt: The Hedonic Price Equation
In the Houthakker- Theil models, commodities with different characteristics are treated as the
same good with a variable quality. In the Lancaster
model, commodities with different characteristics are
treated as separate goods. Quality is chosen implicitly by the choice of goods. In the Houthakker-Theil
models, consumers choose qualities explicitly. Only
one quality level is chosen, and the consumer cannot
simultaneously choose low- and high-quality goods
(Hanemann,1982). Whenever consumers do purchase low- and high-quality goods at the same time,
such as foods, the Lancaster model is more appropriate than Houthakker-Theil models.
The Ladd and Suvannunt approach overcomes some difficulties inherent in earlier characteristics models. This approach can allow for nonlinear
consumption technologies and negative marginal
utility. The basic model can also be modified to
allow for nonindependence of the distribution of
characteristics (Ladd and Suvannunt, 1976).
Terry's simplified view of the consumer goods
characteristics model
The extension of the Lancaster method to
model nutrient demand as developed by Ladd and
Suvannunt was simplified by Terry (1985).
In the consumer goods characteristics model,
CGCM, as adapted by Terry, the unique characteristics are not included because nutrients are common
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to more than one food. The arguments in the utility
function are the common characteristics provided to
the consumer from the use of all products. Utility
can be expressed as:

The marginal utility au(.)/aqi can be represented as:
m

(1)

u()(" ~' ...., Xm) subject to

(5) .L1 (au/axJ·)(ax/aq).
J=

J

1

So, (4) can be rewritten as:
n
I :::;:1 Piqj' with Xy xi( qj >:::;0,
x :::;the total amount of the jth characteristic
) provided to a consumer by the consumption of all products,
x..:::;the amount of the jth characteristic
provided by one unit of the ith product,
Pi :::;the price of the ith product,
qi:::;the quantity of ith product consumed,
and
I :::;consumer income.

m
(6) aL/aq.:::; .L1 (au/aX)(ax/aq)
J)

1)=

I

- ep

1

:::;0,

and one can solve for P. or:
I

m

(7) Pj:::;;1 (au/axj)(ax/aq)(1/e).

I)

With this model, unlike that of Lancaster, one does
not have to assume a linear consumption technology
(LCT), or an independence of distributed characteristics (lOC), or a non-negative marginal utility
(NNMU).
As noted by Hendler (1975), it is possible
that the overall marginal utility of a product may be
positive, but some of the characteristics may have
declining or even negative marginal utilities at some
level of consumption. It is possible to develop a
formulation of the CGCM that allows for such
disutility. This is the more logical assumption in the
analysis of foods.
For nutrient analysis, LCT is an appropriate
assumption because there indeed is a linear relationship among quantities of foods and the amounts of
nutrients contained in these foods.
As Ladd and Zober (1977) have indicated, it
is possible to overcome even the IOC assumption, if
the application necessitates. However, this is not
necessary in the present study because there is no
advantage to the consumer for acquiring nutrients
from any particular source.
From the first-order conditions in the modified model as used by Terry (1985), the hedonic price
equation derived from (l) is:
n
L

e represents the marginal utility of money, or au/aI.
The marginal rate of substitution of income for the jth
attribute is (au/aX)/(au/an
or (au/aX)(aI/au).
The
aI/aXj is the implicit price paid for one more unit of
the jth attribute or the consumer's marginal willingness to substitute X for I. The hedonic price equation
.
can be wntten as:
)

)

)

m
(8) Pi :::;;1(a~/aqj)(aI/aXj)'
An interpretation of (8) js that the price paid for the
ith product by the consumer equals the sum of the
marginal monetary values of all product characteristics, where the marginal monetary value of each
characteristic is the quantity of that characteristic
obtained from the marginal unit of the product times
the marginal implicit price of that characteristic.
The (aI/aXj) term can be written as the parameter Bi,
and the other term represents the xs that are known
(Ladd and Suvannunt, 1976; Terry, 1985).
In traditional demand analysis, the demand
equation is a function of prices and income. If one is
not considering just the representative consumer,
then one would add other demand shifters besides
income. With the characteristics model, demand for
characteristics are also functions of prices and
income, as the first-order conditions (3)-(6) show. As
one moves from the representative consumer, one
can also include other variables that can affect
characteristic demand. Since the x..s are considered
constant in the short run, the demand equation for
characteristics can be written as:
1)

1)

(2) L :::;u(.) + 8(1- i=1Pjq),
where u(.) is U(ql' <h' ..., qn' xll' ..., 'Sn' x21' ••• ,
'Sn' ..., xn) and L is the Lagrangian function,

where S:::;a vector of consumer
characteristics.

n

L

(3) aL/aS:::; I - i=1Pjqj:::;0, and
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A new view of the CGCM
Incorporating subsistence into the CGCM.
Previous fonnulations of characteristics
models do not include any measure of subsistence in
the utility function. However, the previously cited
work clearly points to its presence. An extension of
the CGCM that accommodates subsistence is developed below.
The amount of the jth nutrient consumed can
be separated into the subsistence level OJ and the
quantity of the nutrient purchased after meeting
minimum subsistence levels, OJ'or X - 0.. D is still a
J
•
J
function of the qis consumed and the consumption
technology that detennines the amount of the jth
attribute within all of the n products consumed. The
xijsare considered exogenous. Also, the ~sare assumed to be fixed for a short period of time because
subsistence levels change gradually over the life
cycle. One can rewrite (l) as:

The budget constraint and nutrient level equations
are:
L

(1) I = is)Piqi' and
(2) Xj= Xj(~j' ..., xnj'qi' ...., q).
The first order conditions can be expressed interchangeably in tenns of D or X because any change in
)
J
•
Xjchanges OJby the same amount m the short run.
(13) (au/ao.)(aD/M.)
= E>P•..
)
) v'1.
The result can be solved for P. as in the usual CGCM
•
model:

discussed several admissible fonns of the hedonic
price equation that allow declining marginal utility
and compared them with the linear form. To have a
unique maximum, Pi must be positive and must
increase at a decreasing rate. This means that the
hedonic price equation (16) must be of a form where:

.

(7) ap./a(X - 0.) > 0, and
)

(8) d2P./a(XJ - Oy
< o.
)
1

Estimation of (6) for food has traditionally assumed
that ax/aq.
= x.., or LeT. The term [au/a(X J - 0)])
.J
[aI/duJ must be formulated in such a way to allow
(7) and (8) to hold. Using a functional fonn that
assumes constant marginal utilities of nutrients
means that au/a(X - OJ)and aI/au change in such a
way to keep the retationship between tenns constant.
This implies that either both derivatives au/a(X J - 0))
and aI/au are constants or that they change in ways
to offset each other. If we assume declining marginal
utility of attribute Xj' then au/a(X - 0) will decrease
and must exactly be offset by al/ au t~ keep constant
0js. To have this happen, it is easy to see that au/al
or the marginal utility of money must decrease.
Assuming perfectly elastic supply curves and
constant money income, the real income effect
associated with price changes (as considered here) is
negligible (Morse, 1988).
The other possibility is that both tenns are
constants, and this means that the hedonic price
equation would not exhibit declining marginal
utility. If there is no declining marginal utility, then
the hedonic price equation is not necessarily associated with a unique maximum solution. Morse (988)
shows that alternative forms of the hedonic price
equation provide for more theoretically sound estimation of implicit prices than the linear form. One
specific fonn reported in the present analysis is
consistent with Morse's work, as explained below:
1

m

.)

(9) Pjg= L bj x{

OS) P.• = JSL
. ) (au/aD)(aO./aq.)O/E»,
J)'

Equation (9) can be estimated for those households
that are over the defined subsistence level for all
nutrients (g=l), for those households that are below
the defined subsistence level for all nutrients (g=2),
and for those households that are intennediate
(households that are under the subsistence level for
at least one nutrient, but not all nutrients, (g=3).
Equation (9) also allows P. for positive X. to increase
at a decreasing rate as long as bI < b2• For example,
as x..increases (then X increase~ ceteris paribus), its
incremental impact is associated with a declining
marginal implicit price as a household crosses from
below to above subsistence. The marginal implicit
price equation (7) should be positive. That is, the

m
(6) P) = JSL) (au/aD)(aO./aq)(al/au)
)
)
•
since

)

e = (aI/ au).

Interpretation depends upon the definition of
subsistence, or the way it is introduced into equation
(0), and upon theoretical considerations.

I

.)

The assumption of decreasing marginal utility.
Morse (988) has shown that declining
marginal utilities of nutrients are necessary to obtain
a unique maximum bundle of characteristics. He has
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)

1)

first-order partials should be positive. Given the
above assumptions, the condition is met if:
(20) bjll > 0 for j = 1, ...., m, g = 1,2,3.
The second-order condition, equation (18), is
also met with respect to overall behavior if:

augmented Engel specification without prices as
arguments. The augmented function has other
variables in addition to income. No theoretical structure for the form of the nutrient demand equation
has been presented. Chavas and Kepplinger (1983)
show that the consumption of the jth nutrient, X, for
an individual can be written as:
J

(21) b/ < bj2 for j = 1, ...., m.
That is, there may be declining marginal utility
across subgroups, but within a subgroup, marginal
valuations may be relatively consistent, as Figure 1
illustrates. The possibility exists that even though
second-order conditions are not met by the withingroup linear form, linear estimates may provide
reasonable approximations for each subgroup and at
the same time allow for declining marginal utility
across groups.
The linear form, although not obeying the
second-order conditions within groups, may be a
better empirical approximation than the double-log
form that has been used by others. The double-log
form of the hedonic price equation poses a problem.
About 25 percent of the Nationwide Food Consumption Survey observations within each household
would have to be deleted if the double-log form were
used. Many foods eaten by each household did not
contain one or more of the nutrients. However,
consumers did purchase the other nutrients when
they purchased the foods not containing a particular
nutrient. An example is the presence of vitamin B12,
which occurs only in foods of animal origin. These
observations should not be eliminated from the data
set. It is thus necessary either to add a value to the
zero observations or to use average nutrient values
for each household to overcome the problem of
taking logs of zero observations if the double-log
form is used. These procedures may cause lower R2s
or introduce the problem of errors in variables,
which may cause biased or inconsistent parameters.

The Demand for Nutrients
A demand for nutrient equation should have
implicit prices as part of its arguments. Such a
formulation could be represented as:

where BI, ....Bm = implicit prices, I = income,
and S = a vector of consumer characteristics.
However, the problem of stochastic regressors makes
the inclusion of estimates of implicit prices problematic. Most of the demand for nutrient models use an

Engel functions have the form:
(24) qi = qj(S).
One can write:
(25) X

J

= X(S).
J

Equation (22) poses no identification problem, even
with a nonlinear hedonic price equation, if the
supply of the products consumed is assumed to be
perfectly elastic.
In general, certain demographic variables
have empirically been shown to be significantly
related to nutrient demand and expenditure functions. As Davis et al. (1982) have indicated, estimates
of demand equations have tended to use time-series
data, and the nature of these data restricts analysis to
price and income.
Price
Nutrient demand equations with estimated
marginal implicit prices were estimated by Terry
(1985) and Morgan et a1.(1979). They found hedonic
prices to be significant variables in their demand/
hedonic price equations. However, it should be
noted that the implicit prices used pose the serious
problem of stochastic regressors.
Income
In most studies, income is significantly
related to nutrient intakes. One may hypothesize
that as income increases, consumption of most foods
(normal goods) would increase. This would lead to
an increase in consumption of most nutrients unless
some good is an inferior good and high in a particular nutrient that would decrease in the person's diet
as income increases. Pitt (1983) found that all
expenditure elasticities were positive, but increasing
food expenditure resulted in less than proportionate
increments in the consumption of all nutrients
(protein, fat, carbohydrates, calories, calcium, iron,
thiamin, riboflavin, and niacin). Adrian and Daniel
(1976) found positive and significant income effects
for all nutrients except carbohydrates and fat.
Although differing from Pitt's results, Adrian and
Daniel used a U.s. sample, and this fact could
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account for the negative fat and carbohydrate
parameters because Americans are concerned with
negatively imaged nutrients.
Some nutrient demand studies also show
income at least sometimes positively related to
nutrient demand (Davis and Neenan, 1979;
Eastwood;Brooker, and Terry, 1986; Scearce and
Jensen, 1979; Basiotis et al., 1983; Chavas and
Kepplinger, 1983; Akin et al., 1983). But one study
(Davis et al., 1982) found no relationship between
income and intake. This latter study used biochemical nutrient measures rather than dietary intake
parameters. An interpretation of this result is that
biochemical measures do not capture the process of
consumer decision making.
Age, gender, and household size
In consumption analysis, household size,
age, and gender can be combined using an index
called an adult equivalence scale. This scale gives
household size as a function of age and gender and
can include nutrient adequacy measured by the
RDA. Basiotis et al. (1983) developed such a scale
with their low-income sample. In their model, food
expenditure is deflated by an aggregate household
size measure that yields food cost per adult equivalent. The individual size variables were measured by
number of family members in six age-gender groups
and were significant.
Eastwood, Brooker, and Terry (1986) included household size and age in their nutrient
demand equations and found these variables to be
significant in the protein, fat, carbohydrates, minerals, vitamin A, B vitamins, and vitamin C equations.
Numerous other studies show age and/ or gender
and/ or household size as significant (Adrian and
Daniel, 1976; Blanciforti et al., 1983; Davis and
Neenan, 1979; Chavas and Kepplinger, 1983; Scearce
;- and Jensen, 1979). In Davis et al., (1982), household
size and age were not significant, but gender was
significant.
Race/ ethnicity
Chavas and Kepplinger found that blacks
have significantly different intakes from whites for
thiamin and energy when blacks are in the school
lunch program. The nutrient intakes for blacks are
also better when blacks were part of the school
breakfast program. Scearce and Jensen (1979) found
that being black was significantly related to lower
consumption of calcium, vitamin A, vitamin C,
and the B complex vitamins. Race is also a significant variable in Eastwood, Brooker, and Terry
(1986); Basiotis et al. (1983); and Adrian and Daniel
(1976).

Region and degree of urbanization
Regional location reflects differences in
climate, kinds of resources available to produce
foods, and price variations. Consequently, these
factors affect food availability. In addition, urban
versus rural location also represents differences in
price variations and differing access to home produced food. Eastwood, Brooker, and Terry (1985)
found that central city households consumed more
protein, minerals, and vitamin A, vitamin C, and B
complex vitamins than nonmetropolitan households.
Regional impacts were limited. Adrian and Daniel
(1976) found that farm households consumed more
of all nutrients except vitamin A and vitamin C than
did urban or rural nonfarm households.
Because these two studies had different data
sets and different variable definitions of the degree of
urbanization, the results are not directly comparable.
Both studies find degree of urbanization significant.
In Basiotis et al. (1983), the relationship between
nonmetropolitan location and nutrient intake is not
significant. Suburban versus urban nutrient intakes
are significant. There are significant regional differences as well.
Education
Eastwood, Brooker, and Terry (1986) found
education to have an inconsistent effect on nutrient
demand because there are decreases in some nutrient
demands and increases in others that are associated
with good health. Similarly, Scearce and Jensen
(1979) found higher education levels of the homemaker were not associated with demand for nutrients. This would be expected because better education does not necessarily mean better nutrition
education. Better nutrition education itself has not
been highly associated with improved nutrient
intakes (Shannon and Chen, 1988). However, Davis
et al. (1982) and Davis and Neenan (1979) found
nutrition knowledge of the homemaker exerts a
significantly positive impact on intake.
Employment status
The effects of employment status of male/
female household heads on nutrient/food consumption is not clear. Capps and Love (1983) found
spouse unemployment and unemployment of both
male and female household heads positively related
to consumption of fresh vegetables. They hypothesize that unemployment allows greater opportunities to obtain and prepare fresh vegetables. Employment status of the person responsible for meal
planning was not significant in Eastwood, Brooker,
and Terry (1986). The nutrition literature shows that
employment status of the mother does not appear to
influence dietary intake of adolescents (Skinner et al.,
1985). Goebel and Hennon (1982) did show that the
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wife/s employment status was significantly related
to meal preparation time. However, this result
does not necessarily impact upon nutritional wellbeing.
Family life cycle
As Schafer and Keith (1981) have indicated,
families in the same life cycle stage often face similar
events and circumstances. Therefore, differences
in family life cycle stages would be reflected in
food choice and diets. Several studies have used
the family life cycle concept and have found that
this variable is significant to understanding food
patterns and nutrient demands (Schafer and Keith,
1981;Blanciforti et al., 1981; Scearce and Jensen,
1979).
Other variables
Policy variables have also been included in
nutrient demand studies. Policy variables that have
been used are participation in food stamp programs,
FNEP, WIC, and in the school lunch and school
breakfast programs. In most cases, participation
does affect nutrient intakes, although several studies
that use a nutrient demand approach do not analyze
intakes relative to a standard of well-being such as
the RDA.
The stochastic regressor problem makes it
difficult to include hedonic prices in a demand for
nutrient model. It is possible to include variables
that have been shown to affect nutrient implicit
prices and/or consumption of nutrients. Eastwood
(1988) has shown that marginal implicit prices differ
by income level, and numerous studies have indicated that nutrient demands are affected by income
level. Consumption of nutrients should be affected
by the variables that affect marginal implicit prices.
Consequently, whether the household has met its
subsistence level or not may influence the nutrient
consumption function if marginal implicit prices are
affected by this variable.
Although there are no traditional economic
reasons to include any specific demographic variable
other than income in nutrient demand models,
empirical results do show that, to reflect reality, one
should include demographics.

Subsistence Concepts
To incorporate subsistence levels of nutrients
into a consumer demand model, one must first
define subsistence. The literature supplies various
concepts of subsistence pertinent to cross-sectional
data.

Cost minimization
Parato and Bagali (1976) were the first to
report an attempt to separate what they called the
nutrition component from the non-nutrition component using a cost-minimizing linear programming
framework. A more appropriate definition of their
nutrition component would be the subsistence level
deemed necessary for normal daily functioning.
Their intent was not to estimate nutrient hedonic
price or nutrient demand equations but to estimate
Engel curves from residual expenditures, or expenditures left over after purchasing subsistence
amounts of foods. Therefore, their research gives no
indication of the demand for nutrients in their cost
minimizing approach. In addition, because of data
limitations, their analysis was for one food group
only-meat, poultry, and fish. Thus, their results are
of limited use because nutrients are obtained from all
foods. However, their approach gives one method of
including subsistence level quantities in an analysis
of nutrient demand. Using the amount of consumed
nutrients as the right-hand side of resource constraints and solving the cost-minimization problem
using the 1965 Household Food Consumption
Survey, they then calculated residual expenditure by
multiplying average prices by the quantities in
surfeit or deficit of the calculated cost-minimizing
quantities. Residual expenditure was then analyzed
using the linear expenditure system to derive Engel
curves for 104 regional, urbanization, and income
classes.
Parato and Bagali/s emphasis is on analysis
of the non-nutrition component. This non-nutrition
component is more appropriately labeled a
nonsubsistence component. Para to and Bagali did
not incorporate nutritionally or RDA-based resource
constraints. They simply used purchased quantities
of goods to derive their nutrient levels, which are the
right-hand side of their nutrient resource constraints.
They felt that, because not all consumers are knowledgeable of the RDAs, the RDAs are inconsequential
in the consumer decision-making process. While this
might have been a valid criticism of the use of the
RDAs in the past, it is less valid today as consumers
do have more information on nutritional matters,
and changes in food expenditure patterns do reflect
incorporation of this nutrition information (Pao,
1981; Gifft et al., 1972). This research brings up the
issue that the RDA may not be an appropriate tool
with which to model nutrient constraints, even
though there is evidence (reported above) that
consumers consider nutritional infor-mation, including RDAs, when making purchases. In addition, the
RDAs may not be an appropriate standard because
the RDAs can overestimate the degree of inadequacy
(National Academy of Sciences, 1980 and 1986).
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The probability approach
There is confusion concerning whether the
RDAs are established for the individual or group
(Beaton, 1985). In fact, RDAs do refer to individual
intakes and not group intakes. However, it is not
possible to use the requirements to predict any
particular person's intake.
Nutrient requirements are determined for a
category or type of person specified by age and
gender. The allowance levels cover the needs of all
individuals of a particular category who are already
healthy. Scientists have set this safe level at the
average RDA for selected nutrients plus two standard deviations. This means that all but a small
percentage of individual nutrient needs will be satisfied. The energy requirement is set at the average
requirement for the specified category (National
Academy of Sciences, 1980).
Many kinds of adequacy can be defined
(National Academy of Sciences, 1986):
1. prevention of clinical deficiency symptoms,
2. maintenance of specified levels of the nutrients
or the metabolites in tissues, and
3. the maintenance of enzyme activity at various
levels.
Each of these definitions may be associated with
different requirements. Basing requirements upon
symptom avoidance is the earliest method used.
Now, estimates of requirements are based upon:
1. collections of data on nutrient intakes of healthy
individuals,
2. review of the clinical consequences of nutritional
deficiency and how these consequences have
been corrected through diet change,
3. biochemical measurement of adequacy of
molecular function in relation to nutritional
intake, and
4. studies of subjects, both human and lower
animals, maintaining diets containing deficient
levels of a nutrient.
In nutrition and economic nutrition research,
it is common to use the RDA as a fixed cut-off point
to estimate adequacy of nutrient intake. Since the
RDAs are established at high levels, this leads to an
overestimation of the prevalence of inadequacy.
Researchers have arbitrarily selected cut-off points
like 66 percent, 75 percent, or even 130 percent of the
RDAs. There has not been a theoretical rationale for
these cut-offs. The probability approach matches
requirements with actual need so that underestimation of well-being is less likely.
Some of the most innovative work in adequacy standards has been done at the Center for
Agriculture and Rural Development (CARD) at Iowa
State University under the auspices of the Human
Nutrition and Information Service (HNIS). This
work has involved finding a more appropriate

measure of nutrient requirements based upon the
probability approach.
A requirement for a nutrient is the minimum
intake that will maintain normal function and health
(CARD, 1988). As indicated by the National Academy of Sciences report on RDAs (1980), there are
differences of opinion about the specific levels of
nutrients needed for health. Thus, estimates of
nutrient requirements are now based on a combination of information sources and require considerable
exercise of judgment.
The concept of RDAs may not be appropriate
to describe "usual" intake. However, to measure
adequacy, RDAs or some cut-off point measure of
the RDAs have been applied to distributions of
average intakes for sampled populations. Simplicity
is the main advantage of the RDA cut-off method. It
is more appropriate when relative comparisons 0'£
groups over time are to be made (CARD, 1988). It is
also more valid to use the RDA cut-off method when
the group sampled has similar RDA requirements,
such as a sample of elderly. In fact, the practice has
been used with very heterogeneous samples.
The probability method is supposedly more
reflective of true physiological needs. This method
tries to find the true requirement distribution. Once
the requirement distribution is found, the actual
intakes can be compared to it, and the probabilities of
the actual intakes being less than the requirement
level can be stated. The percentage of the population
below the requirement level can be found. The
difficulty with the app'lication of this method is that
the requirement distributions have been found for
only five nutrients for a very restricted segment of
the population (Battese et aI., 1988).This research
also indicates that the requirement distributions
follow gamma or Weibull distributions rather than
the normal distribution. In addition, the probability
method assumes no correlation between intakes and
requirements (the variables are independently
distribu ted).
The Thrifty Food Plan
For 50 years, the U.s. Department of Agriculture (USDA) has prepared guides for selecting
nutritious diets at different levels of cost (Peterkin,
Chassey, and Kerr, 1975). Four food plans have
been developed by the USDA: thrifty, low, moderate,
and liberal (Peterkin, 1976). Each plan specifies
amounts of foods within different food groups that
provide nutritious diets at specified fixed-cost levels
for adults and children by age and gender. These
food amounts can be summed over all family members to determine the family's nutritious food plan.
Because nutrition information changes and new food
products are continually introduced, the plans are
appropriately updated to incorporate the latest
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nutrient requirements.
The four food plans were revised in 1981.
All plans are still derived using a quadratic programming formulation that finds the combination of food
groups that represent as little change from the
consumer's food consumption patterns as needed to
meet the required RDAs at a specified cost (Ravindram, 1972). All four plans are derived in the same
way but at varying cost levels. The Thrifty Food Plan
is the least costly of the four food plans developed by
the Human Nutrition Information Service.
The Thrifty Food Plan is based on the idea
that the food plan that is least disruptive to food
practices will be most acceptable. In creating the
plan, the average quantities of food consumed within
specified food groups were calculated from the
Nationwide Food Consumption Survey (NFCS) for
households eligible for food stamps. These food
quantities were revised from the normal patterns of
consumption only as necessary to provide nutritious
diets while controlling cost.
A quadratic programming model selected
the optimum Thrifty Food Plan for specified agegender categories. This selection was done by
minimizing the squared deviations of the number of
food groups in the plan from the number of food
groups in ordinary consumption patterns. This
allowed as little change as possible from established
food patterns that would still meet the nutritional
and cost constraints of the model.
Costs incorporated into the plan are determined by looking at average prices paid by the lowincome sample for all types of food purchased. The
1981 update of the Thrifty Food Plan used percentage
changes in price indices of detailed food expenditures to account for consumer costs more accurately.
The update also included revised RDA levels for
some nutrients and added new information of the
content of nutrients in food. However, because the
data used in the present study were from the 19771978 U.S. sample, prices and information on requirements closest to that time period were used.
The nutritional quality of the Thrifty Food
Plan is high. The plan has been criticized by some as
being overly generous and by others as being inefficient as the basis for the food stamp allotment. As
household costs/expenditures
increase, the likelihood increases that household food will provide the
RDA (Peterkin, Kerr, and Hama, 1982). This does not
mean, however, that households spending near the
food stamp allotment level will necessarily have poor
diets as measured against the RDA standard
(Peterkin and Kerr, 1982). Of those low-income
households with food costs at or near the food stamp
allotment level, 12 percent had diets that provided
the RDA for all 11 nutrients studied, and 34 percent
had diets that furnished at least 80 percent of the

RDA for the 11 nutrients (Peterkin, Kerr, and Hama,
1982). Thus, for those low-income consumers who
purchase nutritious foods with the Thrifty Food Plan
level of cost, diet quality is high. These families tend
to purchase diets higher in milk and dairy products,
eggs, dry legumes, nuts, vegetables, fruits, and grain
products than households with less nutritious diets.
The criteria or standards used to assess the quality of
the low-income diet in the 1977-1978 NFCS was the
RDA as established in 1974 (National Academy of
Sciences, 1980).
The thrifty food method establishes the
number of food groups that minimizes the differences between consumer food consumption patterns
(quantities of food groups in the actual food consumption patterns) and the quantities of food groups
in the food plan. This objective function is subject to
a food cost and set of nutritional constraints. A
weighting procedure is used to minimize deviations
on the basis of the percentage change rather than
change in pounds of food groups. The analysis does
not include nutrients from alcoholic beverages.
Foods within a food group are similar to each other
in nutritive value.
The subsistence level measure used is the
nutritive value of food in the Thrifty Food Plan for
the 11 age-gender groupings as a percentage of the
Recommended Dietary Allowances. These values
are derived from the quadratic programming routine, which establishes the number of food groups
appropriate to the age-gender cell. Once these
quantities (pounds of food per food class) are determined, the nutritive levels of these foods are assessed
and compared to the RDA. This approach may be
superior to the nutritional equivalent approach
because it considers the actual prices paid by consumers to determine the fixed costs of the Thrifty
Food Plan and allows for nutritious diets for the
specified age-gender class.
The 21-Meal Nutritionally Equivalent Person
(21-MNEP)
The 21-Meal Nutritionally Equivalent Person
measure (21-MNEP) is a method commonly used to
evaluate whether nutritional needs are met by
households using home food supplies (Smallwood
and Blaylock, 1981). As Smallwood and Blaylock
show, the assumptions of this method do not invalidate its use. A more complicated method, the MealAdjusted Household Nutrition Scale (MAHNS),
provided results almost identical to those provided
by the 21-MNEP.
The 21-MNEP measures the number of meals
eaten from home food supplies during a 7-day
period. This measure is for an adult male nutritionally equivalent person (3 meals a day for 7 days>,
compared in proportion to the RDA for an adult
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male 23-50 years of age. The 21-MNEP can be
calculated for all nutrients under consideration relative to the nutritional needs of an adult male. One
adult male eating all 21 meals from home food
supplies is equivalent to one 21-MNEP. To calculate
the needs of other persons in equivalent nutrition
units, one divides their RDAs by the allowance for an
adult male and adjusts the result by the proportion of
meals eaten at home. Table 1, adapted from
Smallwood and Blaylock, displays base (or subsistence) nutritional needs calculations for a household
for calcium. The first calculation is to compute the
equivalent nutrition units for each household member. Next, the adjusted at-home meals are calculated
by multiplying the proportion of meals at home by
21. Then, this adjusted at-home figure is multiplied
by the nutrition equivalent units. These values are
summed over all members of the household to get
the units (in adult equivalents) of calcium intake for
the household for a week.
Thus, for the hypothetical household in
Table 1, the weekly total calcium requirement in
adjusted meals times the nutrition units is 73.49. This
value would then be divided by 21 to give household
size in 21-MNEP adjusted for nutrition needs.
To incorporate a subsistence level, the
concept of nutritional equivalence as developed by
Smallwood and Blaylock could be used. To find a
summary number for the household that represents a
base subsistence level based on the RDA, calculate
the nutrient requirements for the household in terms
of the adult male. For the example in Table 1, the
household equivalent nutritional units for calcium
would be 4.10 (the sum of column 6).
Essentially, this method incorporates subsistence into nutrient demand analysis by simply using

Table 1. Calculation

Household
members

the established RDAs and considers the quantities of
foods that accommodate the RDAs as the subsistence
base. While this approach is not directly based on
market behavior, it could be used to develop a
subsistence measure.
Hama and Chern (1988) used a simultaneous
system to estimate Engel functions and nutrient
demands. They used household size 21-meal-athome equivalent persons as an independent variable.
This measure was unadjusted for nutritional needs
and thus is not a measure of subsistence. It would
have been possible to use the 21-MNEP measure
adjusted by nutritional needs to build a household
subsistence level into their model.
The switching regression method
Akin et aI., (1983) used a switching regression model to find basic need levels for 14 nutrients.
The procedure involved stratifying their sample into
age categories and need regimes defined by the
estimated level of the switching variable. Switching
regression analysis is used when parameters are
hypothesized to vary but one does not know a priori
the point at which the switch oc-curs. Consequently,
the level of this variable must be estimated along
with the parameters of the independent variables in
the model.
The effects of the explanatory variables on
nutrient consumption are different depending on the
estimated need level. If nutrient consumption is
below the estimated need level, then the parameters
of the independent variables take on one set of
values. If the nutrient consumption is above the
estimated need level, then the parameters of the
independent variables take on another set of values.
Because income is a major variable that influences

of Equivalent Nutrition Units for Calcium

Total Meals
Meals
Meals
at Home
Away

Percent
Meals at
Home * 21

ROA

Equivalent
Nutrition
Units

Columns
4*6

Male. age 25

14

7

14.00

BOO

1.00

14.00

Female. age 25

17

2

18.79

BOO

1.00

18.79

Male. age 9

19

3

18.24

950

1.19

21.59

Female. age 2

21

a

21.00

725

0.91

19.11

Total

71.93

Source: Smallwood and Blaylock. 1981.
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73.49

use of nutrition infonnation and thus, ultimately,
nutrient consumption, the use of income as a percentage of the poverty level is an appropriate indicator or switching variable. The authors felt that the
level of nutrient consumption that defined basic need
had not been established. They used a switching
regression method defined by Quandt (1972), which
uses a maximum likelihood function to estimate the
switching level of the indicator variable and the
parameters of their model. If all of the model's
independent variables, including the switching
variable, could have differentiated the sample on
some a priori basis, then the problem of testing the
null hypothesis of no difference between parameters
of differing sample subsets could have been made
using a standard Chow test (1960). The subsistence
levels of nutrients for varying age-gender classes
could be defined in this manner.
A physiological measure of subsistence
Washington State University data showed
food expenditures to be positively affected by an
index of physiological need. This index was constructed using several attitudinal statements that
were supposed to measure physiological need as
conceptualized in Maslow's hierarchy of needs. The
index variable was significant at the .01 level for the
sample of food stamp recipients. The effect was not
significant for the subsample of eligible nonrecipients
(Morgan, 1987). These results emphasize the importance of including some measure of subsistence in
models of consumer food use. The particular data set
does not incorporate nutrient demands.
Comparison of subsistence measures
Any of the six concepts for incorporating
subsistence levels into the characteristics model of
consumer nutrient demand have potential. However, the data requirements and computational
requirements of several methods make them less
desirable than simpler methods. In addition, some
methods presented in the literature do not incorporate any standard of nutritional adequacy, while
others only indirectly consider market behavior.
Parato and Bagali's method does not incorporate
nutritional standards, although it does consider
market behavior by establishing cost minimizing
quantities of foods purchased by the sample households. The cost minimizing quantities of foods could
be used to derive subsistence nutrient levels for
selected household types, although the computational requirements are large.
The probability approach requires data for
age-gender classes thatare not yet available. Subsistence levels have been worked out only for calcium,
energy, iron, protein, and vitamin C for women
between 19-50years of age from the Continuing

Survey of Food Intakes by Individuals (CSFlI). In
addition, this method requires that there be no
correlation between intakes and requirements. In
fact, there are many sources of correlations between
intake levels and requirements (CARD, 1988).
Another correlation source is that consumers are
concerned with nutritional well-being and do adjust
their food intakes, and thus nutrient intakes, to
accommodate what they perceive to be better nutritional quality, although admittedly not exactly
defined in the consumer's thinking. Because consumers are somewhat aware of the RDAs, their food
purchase decisions would be better modeled by a
measure of subsistence that reflects the RDAs and
not just physiological thresholds.
The switching regression method assumes
that parameters of a specified model are not fixed
and depend upon an indicator variable. These
parameters are estimated for two or more levels of
the indicator variable. The assumption is that food
consumption and nutrient consumption behavior
differ by level of need. Level of need is defined as
income of each respondent's household as a percentage of the poverty index for that household. No
a priori assumptions are made concerning nutrient
intake levels of the respondents--only that nutrient
levels would differ by need. A problem with this
approach is that it defines "high need" individuals in
tenns of actual consumption behavior without any
reference to nutritional adequacy measure.
The 21-MNEP measure, adjusted for nutrient
needs, takes the nutrition needs of the household into
account. The method is only indirectly tied to food
purchase decisions. It is a measure of how well
households, relative to one another, are meeting their
nutrition needs from household food supplies. The
advantage of this method is that it is already calculated in the Nationwide Food Consumption Survey
for 1977-1978,the data set used in the present study.
This measure includes meals served to guests in the
household and adjusts for meals eaten away from
horne.
The intake levels in the Thrifty Food Plan are
detennined using a quadratic programming procedure that considers market prices as well as nutritional adequacy. The number of food groups are
detennined by minimizing the squared deviations
between the food plans and the household's actual
consumption patterns. With the nutrient goals built
into the model, it is possible for a household to
choose foods that are not only nutritious, but also
foods that fit into low-income budgets. The nutritional requirements are based upon the Recommended Dietary Allowance.
The attitudinal scale measure of physiological need based upon Maslow's need hierarchy could
be used to incorporate subsistence. However, this
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measure does not account for nutrient adequacy.
Considering data requirements, computational efforts, and need for a subsistence measure
that can reflect consumers' concerns with nutritional
quality and market prices, the Thrifty Food Plan's
level of nutritional quality is the most expedient to
use. The 21-MNEP method is another possible
approach, but it is only indirectly based on market
purchase (meals consumed at home from home food
supplies adjusted for the number of meals eaten
away).
Incorporating subsistence levels into the hedonic
price equation
The 1977-1978NFCS provides data concerning levels of protein, fat, carbohydrate, calcium, iron,
magnesium, phosphorus, vitamin A, thiamin (vitamin B1), niacin (vitamin B3), riboflavin (vitamin B2),
vitamin B6, vitamin B12, ascorbic acid (vitamin 0,
and food energy. Because this information can be
related to household food consumption, it is possible
to estimate implicit prices and nutrient demand
equations at the household level.
The household is a close approximation of a
consuming unit because dependent members of a
consuming unit do not have necessary financial
resources to make extensive purchase decisions.
When nutrient analysis is based upon household
data, the measure of nutrient adequacy is a household measure and not an individual measure. The
Thrifty Food Plan guidelines are based upon household purchases.
The Thrifty Food Plan sets dietary guidelines
for 11 nutrients by age-gender classification (Table 2).
These guidelines were used in the present research to
establish the subsistence level for each household.
The specified aggregation of nutrients were minerals
(calcium, iron, and magnesium), B vitamins (niacin,
riboflavin, thiamin, B6, and B12), food energy (a
composite index of carbohydrate, fat, and protein),
vitamin C, and vitamin A. This aggregation was
chosen to reduce multicollinearity problems and
mirror as much as possible previous nutrient aggregation (Terry, 1985).
In recent work with the 1977-1978NFCS
(Hager, 1985;Terry, 1985), only the spring quarter of
the sample is used. This was done to limit the
variability of food purchases across seasons. A
second reason is to create a manageable sample,
because computer limitations make it difficult and
sometimes impossible to process all four quarters.
The NFCS provides, through disappearance
data, the nutrients contained in foods consumed by
the approximately 3,300 households during the
spring quarter. The nutrients analyzed are protein,
fat, carbohydrates, calcium, iron, magnesium,
phosphorus, vitamin A, thiamin, riboflavin, niacin,

vitamin B6, vitamin B12, vitamin C, and food energy.
The Thrifty Food Plan uses established guidelines for
food energy, protein, calcium, iron, magnesium,
vitamin A, thiamin, riboflavin, niacin, vitamin B6,
vitamin B12, and vitamin C.
The Thrifty Food Plan's dietary goals are
equal to or greater than the RDAs for the nutrient
groups used in the present analysis. RDAs are based
upon empirical and clinical analyses that indicate
nutrient levels consumed on a daily basis that would
cover the needs for most individuals within the
particular age-gender class for which levels are
defined. Average food energy levels, which are
based on activity levels for moderately active individuals, are used for each age-gender class designation. Underestimation of highly active individual
family members with respect to food energy is a
possibility. However, misclassification of a household based upon underestimation of food energy
intake for highly active household members would
increase the probability of accepting the null hypothesis of no difference among subsistence groups.
Because an average energy intake-the midpoint of
the RDA range-is used to access nutrient status in
the nutrition literature, it is accepted practice to use
this measure as a basis against which actual consumption patterns can be compared.
Based on previous work (Morgan, 1987;
Terry, 1985), nutrients are aggregated to reduce
multicollinearity, to reflect consumer decision
making across broader aggregates (Weimer, 1980),
and to provide comparability with other research.
Since consumers recognize vitamin C, this vitamin is
analyzed separately. Vitamin A is measured in terms
of international units and not milligrams or micrograms and so is not combined with other nutrients.
The B vitamins are combined as one group. All
minerals for which the Thrifty Food Plan had established nutrient intakes are combined.
Because of problems with missing, incorrect,
or inappropriate data, only 2,163 observations were
available for use in the present analysis. Only
households that had consumed at least 20 foods were
used. About 30 percent of the spring sample had to
be eliminated because these households failed to
purchase food or purchased too few food items that
would affect the estimated marginal implicit prices.
Demographic and policy variables included race; ethnicity; income; size of household; gender; age;
education and employment of male and female
household heads; participation in WIC, food stamps,
school lunch and/or breakfast programs; and direct
distribution of food.
All data used in the present analysis came
from the 1977-1978 foods used by household level.
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Table 2. Nutritive Value for the 1975 Thrifty Food Plan on a Daily Basis
Nutritive Component
Food
Energy
(kcal)

Ascorbic
Acid
(mg)

Calcium
(mg)

Iron
(mg)

Vitamin A

944
766
844
1.053
1.262

7.7

1.265
1.680
2.205
2,730

12.6
14.5
19.4
24.4

3.629
2.936
3.229
3.778
4.773

36.8
41.0

Male 12-14
Male 15-19
Male 20-54
Male 55+

2.940
3.150
2.835
2.520

1.330
1.340
920
840

25,6
27.0
27.0
24.4

5.250
5.707
5.665
5.751

70.4
79.1
77.5
77.1

371
363
336
302

Female 12-19
Female 20-54
Female 55+
Pregnant
Lactating

2.310
2.100
1,907

1.260
840
840
1.272
1.292

19.7
20.5
20.1
22.9
23.6

5.484

75.7
75.6
78.8
92.0
97.1

298
281
272
378
378

Category
Infant
Child
Child
Child
Child

1,018
1-2
3-5
6-8
9-11

2.520
2.730

(I.U.)

44.2
52.9
69.3

5.527
5.631
6.558
6.999

Magnesium
(mg)
184
190
220
287
348

Niacin
(mg)

Riboflavin
(mg)

Thiamin
(mg)

Vitamin 86
(mg)

Vitamin 812
(ug)

Infant
Child 1-2
Child 3-5
Child 6-8
Chlld9-11

16.3
20.6
23.5
30.9
38.0

1.70
1.61
1.75
2.15
2.62

0.82
1.10
1.23
1.58
1.97

1. 11
1.20

1.94

3.86
3.73
3.91
4.61
5.61

Male 12-14
Male 15-19
Male 20-54
Male 55+

40.6
42.9
42.4
37.2

2.71
2.77
2.24
2.09

2.04
2.11
1.99
1.84

1.99
1.98
1.94
1.84

5.80
6.07
5.42
5.00

Female 12-19
Female 20-54
Female 55+
Pregnant
Lactating

33.3
33.9
31.4

2.41
1.97
1.97
2.68
2.71

1.59
1.57
1.59

1.60
1.68

5.36
4.94
4.67
6.55
6.68

42.1
43.2

1.84
1.87

1.31
1.59

1.68
2.10
2.10

Source: USDA Thrifty Food Plan. Peterkin. 1976.

Testing the Assumption of Constant
Marginal Implicit Prices
Levels of subsistence
Subsistence, as defined, was incorporated
into the hedonic price model by dividing the 2,163
observations from the 1977 NFCS into three groups
representing different subsistence levels. Each

household's actual consumption of the aggregated
nutrient groups was compared to the level of nutrient intakes established by the Thrifty Food Plan. If
the household met all of its requirements for all
household members, it was placed in the "oversubsistence level" group. (D is positive for the five
nutrient groups in this case.) If for all household
members the requirements as established by the
Thrifty Food Plan were not met, the household was
j
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placed in the "under-subsistence level" group. (Di is
negative for the five nutrient groups.) Households
that met some but not all of their nutrient requirements were placed in an "intermediate" group. (At
least one Di is positive and at least one D is negative.) There were 310 households in the oversubsistence group, 412 households in the undersubsistence group, and 1,441 in the intermediate
group.
Within each subsistence group, the Xij for
each food was used as the unit of observation for the
independent variables. The price paid by each
household for each food was the expenditure divided
by the respective quantity. Estimated coefficients of
equation (19) should reflect implicit valuations of
nutrients across households within the three groups,
and equation (20) can be used to assess marginal
implicit prices across households in the groups.
j

Analysis
Equation (19) for each subsistence subgroup
was estimated using ordinary least squares. Then an
OLS regression was calculated for the entire sample.
Only the x..s were included in the hedonic price
equation bkause the theoretical model does not
explicitly have other variables present. It was not
clear from existing ad hoc empirical work what
would be the most appropriate way to capture
preference differences. Cross-sectional data give
notoriously low R2S. However, since the major
purpose of the present analysis was to test the
significance of subsistence as a differentia tor of
hedonic values, the overall R2S are not of major
importance.
Because three groups were involved, it was
not possible to use the standard Chow test, which
allows division of the sample into only two independent subgroups. A more general F-test, as explained
by Intriligator (1978) and adapted by Eastwood
, (1988), was used. It was constructed to test for
differences among coefficients as follows. Let G
equal the number of subgroups, and m equal the
number of estimated coefficients within a subgroup.
There are k=Gm estimated coefficients altogether,
and h=(G-l)m differences among the sets of estimates
for the subgroups. The h differences among the k
estimated coefficients can be expressed as a set of
linear constraints. Let A denote this constraint
matrix. It has dimensions h by k. Let B represent a
vector of the k estimated coefficients. H is the matrix
of independent variables for the entire sample. The
null hypothesis is that there are no significant
differences among the subgroups. The computed F
value is shown below and has hand n-K degrees of
freedom:
(26) F = (AB')[A(H'H)-I A']-I(AB) Ihs2•

(H'H)-I is a block diagonal matrix composed of the
variance-covariance matrices of each separate
subgroup regression. Because the data are crosssectional and the observations are independent from
one another, there would not be mutual correlation
or autocorrelation among the error terms for each
observation. Therefore, the off-diagonals in the block
diagonal matrix are zero.
Intercept and no-intercept models
If one assumed a common attribute formulation, there is no reason to include an intercept term in
the model. When an intercept is included, it is
interpreted as the effect of a unique attribute for the
food. However, because the present analysis goes
across all foods over each household, there is no
unique attribute. Thus, no-intercept models are used
in the present analysis.
No-intercept models must redefine R2
(Eastwood, Gray, and Brooker, 1989). When a nointercept model is used, R2 may be negative or
greater than one. The problem arises because the
sum of the residuals need not be zero. Aigner (1971)
points out that the raw moment form of the regression and not the mean-corrected form of calculating
R2 provides the correct R2. The computer program
used in this analysis recalculates R2 for the nointercept model.

Results
Hedonic coefficients and implicit prices
Some consideration was given to the use of a
double-log functional form of the hedonic price
equation. However, this form introduced problems
that led to the linear form's (equation 19) being
superior. The first problem pertained to zero observations; a large portion of purchased foods does not
contain at least one of the aggregated nutrients. The
alternatives were either to drop these foods or to
replace the zeros with small values. Sample selection
biases could be associated with the former and errors
in variables with the latter. Both options resulted in
more estimated coefficients that are negative than
were obtained from the linear form. Also, the negative double-log implicit price estimates are inconsistent with declining marginal utility.
It may be that the theoretically incorrect
signs are due to multicollinearity. However, as
Belsley et al. (1980) point out, incorrect signs are
neither a necessary nor sufficient condition for the
existence of collinearity, and more refined techniques
are required to assess the possible harmful effects of
multicollinearity. Their method shows that the appropriate way to diagnose collinearity is to check for
a high condition index (above 30) associated with
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high variance-decomposi tion proportions for two or
more estimated regression coefficients. The condition index is simply the ratio of the largest eigenvalue or characteristic root of the equation system to
each other eigenvalue or characteristic root. This
analysis looks at the proportion of the variance of
two or more coefficients associated with a particular
characteristic root. If the proportion of variance
associated with the condition index is greater than .5
for at least two variables and if the condition index is
greater than 30, then multicollinearity that degrades
the estimates is present, according to Belsley.
An analysis (not reported but available from
the authors) using the double-log form showed more
negative coefficients than the linear model showed.
Negative coefficients are not easily reconciled with
the theory of implicit prices. Multicollinearity may
explain the negative values in the double-log model.
For example, in this data set, the double-log form in
the over-subsistence group showed that the fourth
condition index was associated with explaining a
large degree of the variance (.57) for vitamin A and
for minerals (.58) accompanied by a condition index
greater than 30. However, these variables were
significant. Thus, although some degree of degradation of the estimates is possible, this did not affect the
significance of the variables. Similarly, the fourth
condition index was greater than 30 and was associated with explaining a high degree of the variance in
the vitamin A variable (.69) and the mineral variable
(.47) for the under-subsistence group. In this group,
the variances in food energy and minerals were
associated with one conditioned index with variance
decomposition values of (.46) for minerals and (.97)
for food energy. A condition index greater than 30
was associated with the mineral variable variance
decomposition of (.61) and the food energy variable
variance decomposition of (.96) in the middle group.
But again, these coefficients were significant. It is
possible that the vitamin A variable's negative signs
in all of these groups has resulted from multicollinearity problems.
The negative signs with the double-log form
on the vitamin C coefficients cannot be accounted for
by multicollinearity. The negative values for food
energy in all groups might be explained by multicollinearity. The linear hedonic price equation
generated positive implicit prices for all nutrients
except vitamin A. Therefore, only results from this
equation are discussed further.
Table 3 presents the coefficients for food
energy, vitamin C, vitamin A, minerals, and Bcomplex vitamins by subsistence group for the linear
hedonic price equations. Table 3 also contains the
no-intercept adjusted R2S, the S2 or the mean square
error, the overall F statistic, and the number of usable
observations within each group. All coefficients are

statistically significant. An F-test showed that the
three sets of coefficients (Table 3) are significantly
different from one another (see Intriligator, 1978).
The S2 used was the pooled value of 1.34, because a
test of the differences of variances for each individual
equation from the pooled variance showed no
statistical differences. The F value was 26.15. For (10
and 102,(05) degrees of freedom, this F value is
significant at the .D01 level. The degrees of freedom
are based on the number of parameters in the model
being compared m(G-l) and the number of observations (foods) in the pooled sample. This leads to the
inference that there are significant differences among
the hedonic coefficients among the three equations.
The coefficients in Table 3 can be interpreted as marginal implicit prices. All of the coefficients are less
than one. A small change in quantity of the respective nutrient does not have much impact on price.
This is realistic since a unit change in a nutrient has a
very small effect on a household's diet.

Table 3. Implicit Prices for All Groups,
Linear Modela
Subsistence Group
Variable

Under

Middle

Over

Food energy
In (S/kcal)

.000232"
(.CXX)00698)

.000294"
(.CXX)00368)

.000298"
(.CXX)00682)

Minerals
(in S/mg)

.000236"
(.CXX)00755)

.000210"
(.CXX)00357)

.000186"
(.CXX)00648)

B Vitamins
(in S/mg)

.020907*
(.cxx)33210)

.024495"
(.CXX)17646)

.023157*
(.cxx)32284)

Vitamin C
(in S/mg)

.002357*
(.cxx)06841)

.001278"
(.cxx)03521)

.001145·
(.cxx)06835)

Vitamin A
(in S/I.U.)

-.000020·
(. CXX)00130)

-.000013"
(.CXX)00052)

.000010"
(. CXX)00091)

R2

.48

.48

.50

S2

1.34

1.39

1.19

F

3.367.95"

12.455.12"

3.279.38"

N(foods)

17.911.00

67.309.00

16.386.00

" Significant ot the .05 level.
Standard errors In parentheses.
b Food energy is a composite of carbohydrate.
protein.
and fat. Food energy is measured In kilocalories (kcal).
Minerals contain magnesium, iron, and calcium.
Minerals are measured in milligrams (mg). Bvitamins
contain niacin. riboflavin, thiamin, 86, and B12.
Bvitamins are measured In milligrams (mg). Vitamin
C is measured in milligrams (mg). Vitamin A is
measured In Intemational Units (I.U.).
a

Table 4 presents the flexibilities associated
with the estimated coefficients. They are percentage
changes in prices for a percent change in respective
nutrient use. The advantage of price flexibilities over
the coefficients in Table 3 is that the former are pure
numbers, because they refer to percentage changes in
the valuations resulting from percentage changes in
the respective nutrients. Inspection of Table 4
indicates that B vitamins, followed closely by food
energy, have the greatest percentage impact on
households' valuations of nutrients. This suggests
that promotions of these two types of nutrients
would have greater impacts on the prices households
are willing to pay for foods.

Table 4. Price Flexibilities for All Groupsa
Subsistence Group
Under

Middle

Over

Food energy

.2624

.3166

.3293

Minerals

.1234

.1126

.1015

B Vitamins

.3181

.3521

.3490

Vitamin C

.0872

.0500

.0467

Vitamin A

-.0496

-.0374

-.0315

Variable

° Based on Table 3.

Studies of implicit prices of nutrients have
shown vitamin A with negative coefficients (Adrian
and Daniel, 1976; Terry, 1985; Morse, 1988). Using
the linear model, the implicit prices of vitamin A in
all groups had negative signs. Several explanations
have been offered for negative implicit prices of
nutrients. One such explanation argues that the
presence of certain vitamins imparts unpleasant taste
or texture characteristics to foods (Ladd and Suvannunt,1976). Another explanation is that the statistical problem of multicollinearity causes improper
signs. There is no direct way to account for the first
explanation because taste parameters were not
included in the data set. Pairwise multicollinearity
checks on the data did not show much evidence of
correlation when the linear model was used. Vitamin A, the variable with negative implicit prices,
showed low correlations with all other variables over
all equations but no higher correlations than were
shown among the other nutrients.
The relative values of the implicit prices
across groups are open to interpretation. If one
assumes utility to be a function of quantities of nutrients consumed across subsistence levels, then the
over-subsistence group would have higher positive

valuations than the under-subsistence group. If one
assumes declining marginal utility, then nutrients
should matter more to those who are under their
subsistence level. Which of these two behavioral
situations prevails is an empirical question. Table 3
and Table 4 show a mixed picture. The only nutrient
aggregates more highly valued by the under-subsistence group are those of minerals and vitamin C.
Although the negative implicit prices for
vitamin A are inconsistent with economic theory,
from a nutrition perspective they have a clearer
interpretation. Even though there has been a trend
toward fresh produce, the American diet has been
oriented to consumption of foods that provide minerals and B vitamins--meat and meat products. It is
not oriented to the consumption of fruits and vegetables that provide vitamin A. Demand studies
(Buse, 1989) show that consumers have recently reduced expenditures on fatty and low-quality meats
and have begun to purchase higher quality meats.
This change in expenditure pattern does not mean
that consumers are necessarily replacing these foods
with foods high in vitamin A. Consumers are simply
eating different cuts of meat. The American diet remains oriented to foods that are low in vitamin A.
The under-subsistence group has a smaller
negative implicit price for vitamin A. This group has
a larger positive implicit price for minerals than the
over-subsistence group. Lower implicit prices occur
for the B vitamins in the under-subsistence group,
although the numerical difference is small. In this
linear model, the under-subsistence group has a
lower value for food energy. The under-subsistence
group has a higher marginal valuation of vitamin C
than the over-subsistence group. Thus, the valuation
is mixed, with the under-subsistence group having
higher valuations for vitamin C and minerals, somewhat lower valuation for B vitamins, and lower valuations for B vitamins, vitamin A, and food energy.
As Table 3 shows, the computed F values
lead to inferences of significant overall relationships.
The R2S also are high for household level crosssection data. These measures of overall fit support
the use of CGCM as a way of analyzing consumers'
valuations of nutrients.
Primary interest centers on the undersubsistence andover-subsistence groups, because
they are the most distinct. The over-subsistence
group has higher estimated coefficients for food
energy and B vitamins. With respect to declining
marginal utility, this suggests that the over-subsistence households had diets that were lower in food
energy and B vitamins (hence higher marginal
implicit prices) and higher in minerals and vitamin C
(hence lower marginal implicit prices). These findings are only partially supportive of the functional
relationship display.ed in Figure 1. The higher
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implicit prices for minerals and vitamin C follow the
hypothesized relationship as theory would predict.
The fact that the over-subsistence group has higher
implicit prices for food energy and B vitamins is not
in keeping with the theory.
However, the possibility exists that the
households' valuations have been imprecisely
captured. Analyses of variance of income and size of
household by subsistence level show no significant
differences. Thus, the effects cannot be due to
differences in either income or size factors. It is
possible that variety differences may explain the
higher implicit prices among the over-subsistence
group. If the marginal utility of a food item can be
decomposed into marginal utilities from increased
nutrients, taste, and diet variety, and if food intake is
low, the marginal utility of nutrient content will be
high relative to taste and variety (Bouis, 1983).
Tastes are very subjective and, at present, cannot be
accounted for in an analysis. A diet variety measure
may be more workable and may explain why the implicit price for the over-subsistence group is higher
for some nutrients.
The lower implicit prices for B vitamins and
food energy for the under-subsistence group suggest
higher consumption of products, such as meat, that
contain high quantities of the B complex vitamins.
These foods tend to be high in food energy as well.
Relatively higher valuations of minerals and vitamin
C in the under-subsistence group indicate a fertile
ground for nutrition education efforts. The households could redirect their consumption to increase
intakes of foods that contain minerals and vitamin C.
The significant differences found among
these subsistence groups show that the change in
household food price associated with a one-unit
change in the quantity of a nutrient does significantly
differ by subsistence group. This finding includes
vitamin A, which has negative implicit prices for all
groups.
The consumption of nutrients
Empirical work (as noted above) has shown
various demographic variables are important in the
attribute consumption decision. The form of the
nutrient consumption function is usually linear.
Because there is no theoretical or empirical evidence
that suggests another form would be more appropriate, preliminary analysis of nutrient consumption by
subsistence group used the equation:
(27) Xj = Bo + BII + B2BN + B3C + B.5 + B~E + B6NC +
B7SO + BsMA + B9E2 + BlOE3 + BnE4 +
Bl202 + Bl303 + BI.D4 + BISDS+ B16D6 +
Bl707 + BISWH + Bl9BL + B20FW + e.
The dependent

household consumption of a particular nutrient
(j = I, ...,5) obtained from all foods. Equation (27)
was estimated for the five nutritional attributes over
all foods consumed by the households within each
subsistence group. The unit of observation is the
household. Because household-specific marginal
implicit prices are not available, household food
observations were pooled to estimate equation (27).
However, to the extent that disaggregation into three
SUbgroups is consistent with homogeneous valuations within each subgroup, a partial price accommodation occurs. To the extent this holds, the problem
of omitted variable bias is reduced. The variables for
equation (27) are:

Xl = food energy in kilocalories consumed per
~

=

~

=

X. =
Xs =
I

=

BN =
C
5
NE
NC
50
E2

=
=
=
=
=
=

E3

=

E4 =
MA=

02

=

03

=

D4 =

D5 =

D6 =

variable, Xj, is weekly aggregate
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household per week,
B vitamins in milligrams consumed per
household per week,
vitamin C in milligrams consumed per
household per week,
minerals in milligrams consumed per household per week,
vitamin A in international units (LV.) consumed per household per week,
net disposable income per household after
taxes,
value of food stamps minus dollar value
paid,
central city residence,
suburban residence,
northeast region,
north central region,
south region,
meal planner with at least some high school
education,
meal planner with at least some college
education,
meal planner with college degree,
meal adjustment or number of meals consumed from household supplies divided by
21,
family life cycle in which the female head
was present and the average age of the
children was under 6 years,
family life cycle in which the female head
was present and the average age of the children was greater than 6 to less than 12 years,
family life cycle in which the female head
was present and the average age of the
children was from 12 to less than 19 years,
family file cycle in which the female head
was present and the average age of children
was 19 years or older,
family life cycle in which no children were
present and the female head was over 40
years,

D7 = family life cycle in which the female head
was absent,
WH = white household,
BL = black household, and
FW = employment status of female homemaker.
All variables except I, BN, MA, and X, - Xs are coded
using 1 if the household met the category criteria and
o if the household did not meet the category criteria.
To prevent singularity, base categories are excluded.
The excluded categories are nonmetropolitan residence, race other than black or white, western region,
elementary school education, family life cycle stage
in which no children were present and the female
head was under 40 years of age, and female household head not employed. For all estimated equations, application of the Belsley criteria showed no
significant multicollinearity.
Food energy
Table 5 (Tables 5 through 9 are presented at
the end of the text) presents the coefficients, standard
errors, and significance levels for food energy
consumption for all three subsistence groups and the
combined sample. The intercept term, the income,
and the third, fourth, and seventh life cycle stages are
significant variables across all equations. Life stages
three and four correspond to families in which the
female head is present and the average age of the
children ranges from age 6 to less than 12 for stage
three and from age 12 to less than age 19 for stage
four. Stage seven includes households in which the
female head is absent. Life stages with no children
present are much lower in food energy demand, as
expected. Stage five has households in which the
female head is present, and the average age of
children is 19 years or older. This variable is not
significant for the under-subsistence group. Stage six
includes households that have no children present
and for which the female head is over 40 years of age.
This stage was not significant across all equations.
The bonus value of food stamps seems to
have a significant positive effect for only the intermediate, or middle, group. This suggests that a major
target group is not affected by the food stamp bonus
program.
Education of the meal planner is a significant
variable, especially in the under-subsistence group.
High school and college education is negatively and
significantly related to consumption of food energy.
As education level increased, households tended to
consume less food energy.
The presence of a working female decreases
the tendency to consume food energy, particularly
in the under-subsistence and the middle groups.
This variable is not related to food energy consumption for those over the subsistence level. This sug-

gests that the income generated by the working
female is not necessarily allocated to at-home food
consumption.
Coming from a white or black household is
not related to food energy consumption in the undersubsistence group, the middle group, or the overall
sample.
Mineral consumption
The pattern of variables that are significant
in mineral consumption is similar to the pattern of
food energy consumption (Table 6). Across all
equations, the intercept term, the income, and the
second, third, fourth, and seventh life cycle stages are
significant. The second stage involves families in
which the female head is present and the average age
of children is under 6 years. As with food energy
consumption, food stamp income is not significantly
related to mineral consumption levels except for the
middle group. Food stamp income is related to
mineral consumption levels in the total sample.
Education of the meal planner is significant only in
the under-subsistence group. Similar to food energy
consumption, as education increased, the tendency
for households to consume minerals decreased.
Lower food energy intake may impede the inclusion
of sufficient nutrient intake, such as minerals. The
only significant location variable in the over-subsistence group is the suburb residence. Living in a
suburb is positively associated with mineral consumption as well as food energy consumption.
B vitamin consumption
Income again is a significant variable in B
vitamin consumption (Table 7). Food stamp participation is not significant in the under-subsistence or
over-subsistence levels, but does have significance in
the middle and overall groups. Suburb living is
significant and positively related to B vitamin
consumption in the over equation. Region is almost
always not significant. The pattern of consumption
associated with the education of the meal planner
described previously is present with B vitamin
consumption. Increasing education is negatively and
significantly related to B vitamin consumption,
especially among families that are below the household subsistence level. As with previous nutrient
groups, family life cycle-especially
stages three,
four, and seven-is significantly related to nutrient
consumption across all subsistence levels. Thus,
having no children in the household and having the
female over 40 years of age (stage six) is not related
to nutrient consumption. Generally, as the average
age of household children increases, B vitamin
consumption tended to increase. Again, a very
significant finding is that working females decrease
the consumption of B vitamins within the under-
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subsistence group. This relation holds for the entire
sample as well. Black households consumed significantly less B vitamins if they were in the undersubsistence group.
Vitamin C consumption
Income is a significant variable increasing
vitamin C consumption, except in the undersubsistence group (Table 8). Having the female
homemaker working is significantly and negatively
related to vitamin C consumption, except in the oversubsistence group. Food stamp bonus was not
significant in the under- and over-subsistence groups
but was significant in the overall sample and the
middle group. Education of the homemaker is
significantly and negatively related to vitamin C
consumption. As the education level increases from
having a high school education to some college,
vitamin C consumption decreased, a pattern appearing among other nutrients as well.
Vitamin A consumption
Income is significantly related to vitamin A
consumption across all equations (Table 9). Food
stamp bonus again is not significant in the underand over-subsistence levels but is.related to consumption in the overall consumption equation and
the middle group equation. Similar to previous
nutrient consumption patterns, as education of the
meal planner increased, the consumption of vitamin
C by the under group decreased. The only other
variable that is significant in the under-subsistence
group and not in the over-subsistence group is the
meal adjustment factor. As members of undersubsistence households eat more meals from home
food supplies, the meal adjustment variable is
positively related to nutrient consumption. For all
other nutrients, this variable is not significant in
distinguishing between under- and over-subsistence
groups.
In the under-subsistence group, the results
show that vitamin A consumption is affected by the
degree to which household members choose to consume at home or away from home. This suggests a
lack of desire for foods high in vitamin A when those
foods were eaten from home food supplies. This is in
keeping with the higher negative implicit price found
for vitamin A in the under-subsistence group.
In the intermediate group, coming from
either a white or a black household is significantly
and positively related to vitamin A consumption.
White households in both the over-subsistence and
under-subsistence groups are significantly but
negatively related to vitamin A consumption. No
such pattern appears for black households. In fact,
black households consume significantly more
vitamin A in the overall sample.

Conclusions and Implications
Hedonic price coefficients are significantly
different by subsistence group. In the linear model,
the implicit price of vitamin A is negative across all
three groups, and the under-subsistence group has a
lower negative valuation. Food energy valuation for
the under-subsistence group is lower than for the
over-subsistence group, as is B vitamin consumption,
although only by a small amount for B vitamins. The
positive implicit prices using the linear form are
theoretically correct. However, even with the linear
model, some marginal valuations are higher for the
over-subsistence group.
For the general public, it is difficult to know
how to restructure one's food energy consumption to
ensure adequate nutrient intake. Food labeling does
not provide the necessary educational material to
show how to increase nutrient intakes while decreasing overall food energy. Programs such as Weight
Watchers (Williams, 1985) do provide the necessary
structure for those individuals who find the motivation to join the program. The general public does not
make use of nutritional professionals such as Registered Dieticians who could restructure diets to be
lower in food energy content and adequate in other
nutrient content.
However, it is clear that consumers value
nutrients because all variables have significant
implicit price coefficients. Thus, nutrition does
matter to consumers in general. Consumers might
be amenable to labeling information or in-store
marketing devices that point out the nutritional
benefits of foods in terms of aggregate nutrient
groups or individual nutrients of which consumers
have knowledge.
Because research clearly indicates that
consumers do not assess individual nutrients, the
present labeling by individual nutrient is less meaningful to the consumer who, although concerned
with nutrition matters, does not understand the
importance of most individual nutrients. This kind
of easy access to levels of aggregate nutrients in
foods (i.e., minerals, B vitamins, fiber, protein, fat,
carbohydrates, food energy, and other individual
nutrients familiar to the general public) would be
especially helpful to consumers whose marginal
valuations of nutrients are high.
The under-subsistence group of households
in the present study have their highest valuations per
milligram of nutrient for minerals and vitamin C.
Household members as purchasers of foods might be
influenced by easy access to information documenting the foods high in minerals and vitamin C.
Rudell's study (1979)shows consumers who had
more general thoughts or cognitions about nutrition
did change their food purchases to accommodate
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better nutritional choice. Consumers who value
nutrition (thought nutrition important) were more
likely to take in nutrition information. The more
consumers processed general nutrition concepts, not
specific nutrition knowledge, the more they were
willing to make nutritious food choices (i.e., whole
wheat bread rather than white bread). Therefore,
redefining nutrition labels in terms of general
nutrition concepts (aggregates of nutrients) would be
more likely to alter the purchase behavior of those
who value the particular nutrient/nutrient group.
This would be particularly helpful for households
that are low in all nutrient intakes relative to some
standard measure, such as the RDAs or the nutrient
levels in the Thrifty Food Plan.
The existence of working females in the
household influenced nutrient consumption for most
of the nutrient groups studied. The manner of that
influence is in conflict with studies that show family
income increases the adequacy of the diet of family
members. However, studies that explicitly relate
female working heads to adequacy of diet as measured by the RDAs tend to show few significant
differences in nutrient adequacy. Most of these
studies have used adolescents as their subjects
(Varner and Skinner, 1988). The pattern of nutrient
consumption in the current analysis is affected by
employment status of the female head of household.
The measure of nutrient adequacy used here
differs from other analyses in that a household
measure of subsistence is used rather than an individual measure. This measure identifies households
that are placed in the specific subsistence grouping.
In addition, those households placed in the under
group are below the defined subsistence levels for all
nutrients. Thus, although a female working may not
be related to diet adequacy as measured by individual intakes in relation to the RDA, overall household consumption of nutrients is decreased by female
heads working. Working women significantly
affected the household consumption of nutrients
among those households that were below the defined
subsistence level. This points to the importance of
identifying the degree to which purchase of food
away from home influences nutrient intakes. The
data used in this analysis give no indication of the
level of nutrients consumed away from home. This
consumption mayor may not lead to better diets.
What is known from the present analysis is that athome nutrient consumption is influenced by whether
or not the female head works.
Income is related to nutrient consumption
for all groups. This result is in keeping with most
studies that include income as a variable influencing
nutrient intakes. Analysis of calorie consumption in
other countries shows that at least 90 percent of the
variation in the average level of calorie intake per

capita among households within selected developing
countries can be explained by average income levels
(Knudson and Scandizzo, 1979). So it is not surprising that income also affected nutrient levels used in
the present analysis.
That the level of education of the meal
planner is inversely related to nutrient household
consumption may indicate that general measures of
one's educational level do not reflect nutrition
education, a result that has been substantiated in the
literature (Scearce and Jensen, 1979). Increases in
education are significantly associated with decreased
household consumption in the under-subsistence
group. A major implication of this finding is that
nutrition education efforts could be directed toward
households for which multiple deficiencies exist if a
diagnostic tool could be used to identify those
households. A household measure would capture
the general nutrient pattern for the entire household.
Present methods use individual nutrient analysis
and often do not capture household consumption
patterns.
A problematic result is that the bonus food
stamp variable is not significant in the undersubsistence level but is significant in the overall
nutrient regressions and in the intermediate group.
Possibly, the level of nutrient well-being of the
under-subsistence group is high enough so that
additional or different food purchases made little impact on nutrient consumption. The nutritive values
of the Thrifty Food Plan are at least the value of the
RDA for all nutrients except vitamin B6 and iron for
children one to two years of age. Additional study
would be necessary to find out whether using more
arbitrary subsistence levels (levels not related to
actual consumption patterns) might provide differing
results.
Another interpretation may be that the bonus
food plan affected the nutrient demands of marginal
households but not those households that are most at
risk or households that have no risk. This result
would suggest that the eligibility criteria may not be
directed toward the appropriate groups.
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Table 5. Household Food Energy Consumption by Subsistence Group for
Selected Demographic Variables (in kcal)a
Subsistence Group
Variable
Intercept

Under

Middle

39.033.60"
(9.841.79)

34.305.31"
(5.875.00)

Over
70.665.14"
(21.919.95)

Total Sample
All
37.804.81"
(5.305.91)

.49"
(.20)

.5?"
(.09)

1.55"
(.29)

.77"
(.29)

4.17
(47.95)

85.99"
(38.68)

25.12
(133.04)

60.06
(33.33)

C

-3.554.51
(3.371.15)

1.832.34
(1.877.85)

3.483.32
(5.728.06)

711.01
(1.774.97)

S

548.80
(3.193.50)

-251.02
(1.865.72)

12.965.84"
(5.729.09)

136.56
(1.743.22)

NE

3.570.41
(4.060.11)

-1.599.60
(2.222.50)

6.027.73
(7.026.32)

-1.001.17
(2.116.12)

NC

1.917.21
(4.020.75)

-1.276.22
(2.242.03)

-80406.97
(6.682.49)

-2.717.24
(2.109.93)

SO

-1.788.15
(3.999.87)

-2.223.61
(2.205.51)

-4.658.41
(6.745.33)

-3.393.34
(2.080.91)

MA

-551.97
(814.96)

-188.66
(486.28)

1.177.69
(1.502.46)

254.28
(453.22)

E2

-7.941.59
(4.684.78)

-619.77
(2.359.52)

1.655.60
(6.473.91)

814.05
(2.216.22)

E3

-13.864.48
(5.505.87)

-5.377.46
(2.871.57)

-929.65
(8.748.85)

-4.274.08
(2,720.35)

E4

-20.221.48"
(6.022.19)

-12.579.61"
(3.174.82)

-13.703.23
(9.285.33)

-11.110.01"
(2.989.84)

02

31.381.94"
(5.912.37)

27.959.32"
(3.328.28)

10.843.23
(15.703.73)

20.108.66"
(2.814.24)

03

39.736,62"
(6.162.61)

43.965.89"
(2.967.45)

10 1.278.25"
(14.887.78)

38.538.21"
(2.858.34)

04

33.913.84"
(6.906.14)

44.086.94"
(2,768.21)

57.801.09"
(10.269.34)

43.877.83"
(2,789.27)

05

4.812.70
(8.749.25)

-6.078.84"
(2.592.88)

30.914.65"
(11.344.59)

24.540 12"
(3.246.65)

06

-6.163.17
(7.035.80)

39.366.27
(5.607.33)

-2.435.16
(8.578.85)

-1.964.48
(2.560.26)

07

25.716.88"
( 12.626.60)

2.844.78"
(4.769.80)

90.627.85"
(42.747.60)

35.355.19"
(5.836.13)

WH

-3.713.27
(5.877.21)

2.844.78
(4.769.80)

-31.917.98
(17.276.62)

-1.053.35
(4.150.22)

BL

-110403.80
(6.738.76)

4.978.36
(5.189.69)

-26.392.66
(18.397.16)

1.192.71
(4.548.69)

FW

-7.585.39"
(2,756.02)

-4.284.63"
(1.637.70)

546.67
(5.123.28)

-7.283.73"
(1.513.56)

13.65"

53.44"

9.23"

49.42"

.33

.45

.51

.33

BN

F-value
R"

" Significant at the .05 level.
Standard errors In parentheses.

a
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Table 6" Household Mineral Consumption by Subsistence Group for Selected
Demographic Variables (in mg)a
Subsistence Group
Over
32.700.09(10.463.11)

15.058.78(2.917.73)

Variable

Under

Intercept

16.715.60(6.320.84)

11.514.18(3.377.25)

.38(.12)

.30(.05)

.84"
(.15)

.43(.05)

47.96
(28.23)

47.44(22.25)

7.51
(69.50)

48.68"
(18.35)

C

-3.138.18
(1.985.10)

1.595.79
(1.080.56)

-30.34
(2.992.23)

295.95
(977.12)

S

1.549.73
(1.880.49)

1.431.79
(1.073.58)

6.949.07"
(2.992.23)

1.338.59
(959.64)

NE

2.394.12
(2.367.62)

-456.22
(1.278.88)

1.943.34
(3.670.68)

-546.53
(1.164.92)

NC

84.46
(2.367.62)

-665.17
(1.290.13)

-5.272.76
(3.490.80)

-170.47
(1.164.92)

so

-1.166.21
(2.355.33)

-1.149.38
(1.269.11)

-2.168.81
(3.523.63)

-1.83059
(1.145.54)

MA

-333.75
(479.89)

779.44
(784.85)

271.97
(249.50)

BN

Middle

Total Sample
All

115.33
(279.81 )

E2

-5.477.76(2,758.64)

553.61
(1.357.73)

118.01
(3.381.84)

561.03
(1.220.02)

E3

-8.184.17"
(3.242.14)

276.31
(1.652.38)

-2.021.28
(4.570.23)

-510.36
(1.497.54)

E4

-10.886.94(3.546.17)

-3.289.97
(1.826.88)

-7.759.87
(4.850.48)

-3.803.48
(1.645.90)

02

18.696.87"
(3.481.50)

22.136.93(1.915.18)

15.909.00"
(8.203.32)

11.769.95"
(1.549.23)

03

20.773.36(3.628.86)

22.13693(1.707.54)

46.320.52"
(7.777.05)

19.227.05(1.572.41)

04

19.563.70(4.066.69)

24.670.70(1.592.90)

32.731.82(5.926.19)

24.408.76(11.787.27)

05

3.322.58
(4.143.03)

13.917.85(1.492.01)

18.094.28(4.481.42)

13.656.65(1.409.42)

06

-1.917.80
(4.143.03)

-2.768.49
(1.492.01)

2.53552
(4.481.42)

-369.73
(1.409.42)

07

19.856.42"
(7.435.19)

21.540.93(3.22661)

60.097.18"
(22.330.52)

20.608.96"
(21.608.96)

WH

-1.172.82
(3.460.80)

4.806.37
(2,744.67)

-15.059.47
(9.024.97)

1.735.20
(2.284.69)

BL

-9.478.73"
(3.968.80)

863.02
(2.986.28)

-19.105.09
(9.610.32)

-2.527.10
(2.504.04)

FW

-1.766.63
(1.622.89)

-1.630.73
(942.38)

-1.651.38
(2.676.30)

-3.056.73"
(835.96)

7.97"

45.39-

12.86"

46.13"

.50

.32

F-value
R-

.30

.41

- Significant at the .05 level.
Standard errors in parentheses.

a
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Table 7. Household B Vitamin Consumption
Demographic Variables (in mg)a

by Subsistence Group for Selected

Subsistence Group
Variable

Under

Intercept

383.81
(108.25)

Middle
328.63"
(67.48)

Total Sample
Over

All

1.016.62"
(225.27)

408.8l"
(61.21)

.00l"
(.002)

.00l"
(.00 1)

.02"
(.008)

.01"
(.001)

.61
(.52)

1.14"
(.44)

1.44
(1.49)

1.02"
(.38)

C

-27.16
(37.08)

19.89
(21.56)

30.97
(64.35)

8.01
(20.47)

S

6.63
(35.12)

4.79
(21.42)

132.76"
(64.36)

3.22
(20.12)

NE

91.00"
(44.65)

-11.12
(25.52)

E£J.77
(78.94)

-3.96
(24.41)

NC

57.98
(44.22)

12.27
(25.75)

-61.72
(75.07)

-1.51
(24.41)

SO

6.51
(43.99)

-11.78
(25.33)

-26.85
(75.78)

-20.59
(24.00)

MA

-5.87
(8:96)

-.196
(5.58)

9.67
(16.88)

335
(5.23)

E2

-70.05
(51.52)

8.00
(27.10)

-10.53
(72.73)

15.65
(25.56)

E3

-138.85"
(60.56)

-44.12"
(32.98)

-76.67
(98.29)

-45.51"
(31.38)

E4

-202.691"
(66.27)

-123.2l"
(36.46)

-235.98"
(104.31)

-122.30"
(34.45)

02

335.99"
(65.03)

328.21"
(38.22)

12.97
(176.42)

216.6l"
(32.46)

03

466.24"
(67.78)

536.30"
(34.08)

1.019.39"
(167.25)

449.02"
(32.95)

04

416.55"
(75.96)

519.18"
(31.79)

564.32"
(115.37)

E£J5.99"
(32.95)

05

123.69
(96.23)

299.40"
(36.75)

273.55"
(127.45)

292.46"
(37.45)

06

-15.40
(77.39)

-36.47
(29.78)

-106.51
(96.38)

07

304.31"
(138.87)

519.76"
(64.39)

1.125.38"
(480.24)

450.38"
(67.32)

WH

-80.98
(64.64)

36.52
(54.78)

-417.06"
(194.09)

-27.44
(47.87)

BL

-151.73"
(74.12)

E£J.03
(59.60)

-334.66
(206.67)

2.16
(52.47)

FW

-79.27"
(30.31)

-52.50"
(18.81)

-8.65
(57.56)

-89.21"
(17.52)

9.61"

54.52"

13.58"

48.82"

.34

.45

.52

.33

BN

F-value
R2

"Significant at the ,05 level.
Standard errors in parentheses.

a
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6.E£J
(29.53)

Table 8. Household Vitamin C Consumption by Subsistence Group for Selected
Demographic Variables (in mg)a
Subsistence Group
Variable

Under

Middle

Over

Total Sample
All

Intercept

1.255.43·
(328.87)

1.243.17"
(348.14)

3.536.95·
(1.209.91)

1.43762·
(301.84)

.01
(.007)

.04·
(.006)

.06·
(.02)

.04·
(.005)

1.81
(1.60)

7.73·
(2.29)

-1.19
(803)

4.76·
(1.90)

C

-111.80
(112.65)

99.98
(111.28)

-307.23
(345.61)

-18.83
(100.97)

S

53.54
(106.71)

39.67
(110.56)

114.74
(345.67)

-68.30
(99.17)

NE

-7.01
(135.67)

88.41
(131.70)

-146.90
(423.97)

-85.51
(120.03)

NC

39.12
(134.35)

121.27
(132.86)

-583.71
(403.20)

-58.67
(120.38)

S

-177.85
(133.66)

-71.76
(130.69)

-324.06
(406.99)

-174.03
(118.38)

-24.93
(27.23)

18.77
(28.82)

106.19
(90.65)

41.36
(25.78)

E2

-396.97"
(156.54)

61.04
(139.82)

-201.46
(390.61)

63.63
(126.07)

E3

-423.25·
(183.98)

186.98
(170.16)

106.19
(527.87)

193.04
(154.75)

E4

-220.53
(201.23)

202.24
(188.13)

-613.60
(560.24)

185.43
(160.09)

02

1.240.70·
(197.56)

1.753.89·
(197.23)

1.337.39
(947.50)

769.00·
(160.09)

03

1.306.06·
(205.93)

2.237.90·
(175.85)

4.770.67"
(898.27)

1.626.38·
(162.49)

04

1.152.38·
(230.70)

1.827.54·
(164.04)

2.432.48·
(619.61)

1.771.29·
(158.67)

05

626.83·
(292.36)

1.151.08·
(189.63)

2.295.04·
(684.49)

1.293.99·
(184.69)

D6

-70.88
(235.10)

57.02
(153.65)

648.64
(517.61)

317.99·
(145.65)

07

944.44·
(421.92)

1.933.06·
(332.28)

8.142.99·
(2.579.23)

1.776.66·
(332.00)

WH

-147.38
(196.39)

-71.54
(282.65)

-10410.71
(1.110.01)

-122.31
(258.76)

FW

-199.93·
(92.09)

-228.16·
(97.05)

-130.56
(309.12)

-367.32·
(86.39)

8.03·

31.84·

5.91·

24.43·

BN

MA

F-value

RI

.30

.33

• Significant at the .05 level.
Standard errors in parentheses.

a
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.34

.20

Table 9. Household Vitamin A Consumption by Subsistence Group for Selected
Demographic Variables (in mg)O
Subsistence Group
Variable

Under

Middle

Over

Total Sample
All

Intercept

94.301.624"
(22.841.99)

19.844.09
(21.862.79)

337.728.11"
(77.608.30)

75.433.89"
(18.714.73)

.95"
(.46)

1.67"
(.35)

3.64"
(1.11)

2.08"
(.32)

126.12
(111.30)

469.13"
(143.92)

185.56
(514.88)

310.03"
(117.53)

C

-10.892.60
(7.824.16)

4.214.71
(6.988.09)

-15.433.68
(22.172.69)

-2.704.06
(6.148.59)

so

3.637.64
(7.411.85)

5.929.70
(6.942.95)

38.088.81
(22.172 .69)

3.452.28
(6.148.59)

NE

2.999.26
(9.423.19)

15.854.67
(8.343.32)

-12.678.43
(27.195.17)

-5.203.96
(7.463.88)

NC

8.762.19
(8.343.32)

15.854.67
(8.343.42)

-30.181.41
(25.862.53)

5.454.60
(7.442.04)

S

-3.349.63
(9.283.39)

3.883.74
(8.207.42)

-8.319.43
(26.105.74)

-1.270.76
(7.339.59)

MA

-3.824.41"
(1.891.46)

731.20
(1.809.60)

-8.106.33
(5.814.79)

-359.36
(1.598.59)

E2

-24.201.99"
(10.873.00)

731.20
(8.780.55)

-7.323.34
(25.862.53)

3.690.86
(7.339.69)

E3

-24.565.70"
( 12.778.67)

19.597.10
( 10.686.07)

-40.943.35
(33.859.75)

10.005.38
(9.595.07)

E4

-30.413.78"
(13.977.02)

-7.537.27
(11.814.56)

-37.790.75
(35.936.07)

-8.375.04
(10.545.60)

02

77.537.61"
(13.977.02)

89.742.80"
(12.385.64)

36.701.73
(60.776.49)

42.100.21"
(9.926.25)

03

78.887.73"
(14.302.91)

17.871.11"
(11.042.85)

169.289.31"
(57.618.33)

82.633.18"
(10.074.74)

04

82.524.92"
(16.028.60)

98.849.48"
(10.301.42)

169.289.31"
(39.744.33)

94.567.72"
(9.838.19)

05

18.815.36
(20.306.29)

65.303.26"
(11.908.65)

63.640.21
(43.905.77)

65.165.91"
(11.451.43)

07

65.959.65"
(29.305.32)

106.703.47"
(20.866.74)

99.491.79
(165.441.53)

86.362.39
(20.584.89)

WH

-26.648.03"
(13.640.52)

40.032.72"
(17.750.02)

-134.746.89"
(66.863.90)

6.587.01
(14.638.45)

BL

-23.343.11
(15.640.10)

91.705.14"
(19.312.54)

-73.519.93
(71.200.61)

56.122.47"
(16.043.19)

FW

-11.052.14
(6.396.51)

-13.540.02"
(6.094.42)

-9.894.91
(19.828.07)

-23.428.85"
(5.356.18)

7.23"

24.48"

4.60"

19.89"

.28

.27

.27

.17

BN

F-value

R'2
• Significant at the .05 level.
Standard errors In parentheses.

a

28
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